(C.L.). A midline incision was made to expose the posterior elements laterally to the proximal aspect of the transverse process. If neural decompression was necessary such as in two cases of significant stenosis, a midline laminectomy was performed. In all cases, a lateral route to the disc space was created by removing the lateral aspect of the inferior facet joint, proceeding medially until the lateral aspect of the thecal sac was visualized, excising the lateral aspect of the lamina, and resecting the superior and lateral portions of the superior facet. This approach provides adequate exposure of the disc space with minimal (Ͻ 2-mm) dural retraction. In most patients the pars was left intact, thus preserving the midline structures (spinous process and interspinous ligament) and, theoretically, reducing the risk of a subsequent transitional syndrome. Autologous bone graft was harvested in the posterior iliac cortex through the same incision in all cases. A complete discectomy was performed bilaterally. Morsellized cancellous bone was impacted anterior to the planned location of the interbody devices. Two carbon fiber Brantigan I/F cages (Depuy-Acromed, Raynham, MA), packed with cancellous autograft bone, were placed into the disc space after the endplate decortication. The cages were countersunk at least 5 mm, and the 21-mm-long cages were used in every case. In three patients, only a single cage was placed. In all the other patients two cages were placed bilaterally. Additional bone graft was placed around the cages to fill the disc space. Using anatomical landmarks and lateral fluoroscopy, pedicle screws were used in all cases. The position of both the cages and pedicle screws was verified on lateral intraoperative fluoroscopy. The same pedicle screw system was not used in all patients. In patients with transitional syndromes adjacent to prior fusions, or those in whom fusion had failed, the previous hardware was removed. Supplemental posterolateral intertransverse process fusion was performed in six patients; otherwise the fusion bed was strictly interbody. Four of these patients had undergone previous adjacentlevel posterolateral fusion and, thus, the fusion was extended to include the level(s) of the interbody fusion. In the other two patients, posterolateral fusion was used to supplement treatment for spondyloslithesis. Status of the posterolateral fusion mass was not considered in the radiographic assessment of the interbody fusion. In any case in which an intraoperative durotomy occurred, the patient underwent bedrest (lying supine) for 3 days postoperatively. A medium hemovac drain was placed in all patients, irrespective of inadvertent intraoperative durotomy. External brace therapy was not required but could be undertaken at the patient's discretion for comfort. All patients were mobilized early on postoperative Day 1 or 2 and underwent routine physical therapy.
Clinical Evaluation
All patients were evaluated before surgery and at 1, 3, 6, and 12 months after surgery. Twelve-month clinical follow-up data were available for all cases except one patient who was lost to follow up. Recorded information included age, sex, employment status and type, smoking status, litigation issues, previous back surgeries, diagnosis, and the results of a McGill Pain Index Scale. Evaluation at each interval also included ratings of pain, functional status, medication usage, and economic status determined using a five-point modified Prolo Scale 14 as detailed in Table 2 .
Outcome was considered a clinical success if the rating was excellent or good, or if it was fair and had improved by at least three points on the scale. Additionally, data regarding surgically treated levels, complications, blood loss, length of hospital stay, and additional treatments or surgeries were recorded. At the 12-month evaluation, patients answered a questionnaire regarding satisfaction, and a telephone interview was conducted by an examiner (A.E.). The patients were also asked if they would undergo the surgery again.
Complications were considered related to surgery if they occurred between the time of admission and 30 days postoperatively. All wound infections occurring during the follow-up period, however, were recorded.
Radiological Evaluation
Preoperative evaluation included magnetic resonance imaging and plain radiography of the lumbar spine. Radiographs were available for 35 (83%) of the 42 patients, or 41 (85%) of the 48 fused levels. One patient was lost to clinical follow up and six patients' radiographs were unavailable. At each follow-up interval, fusion status was recorded after an independent radiologist's review of a lateral and anteroposterior radiograph. The assignment of fusion status category was based on the criteria of Brantigan and Steffee 4 (Table 3) . Fusion (Category A) or probable fusion (Category B) was also considered "radiographic" fusion. Additionally, all patients underwent dynamic lumbar flexionextension radiography. When no movement at the fused segment was demonstrated on the flexion-extension radiographs, fusion was judged complete. Additionally, if there was progression in spondylolisthesis since the initial postoperative radiography studies, this was considered obvious pseudarthrosis (Category E).
Surgical Parameters
Forty-eight levels were treated surgically. Thirty-six patients (86%) underwent one-level fusion and six (14%) underwent two-level fusion. The details of the surgical parameters are summarized in Table 4 . Of the 36 patients in whom a one-level fusion was performed, pedicle screws were used at more than just the adjacent levels. In three of these four cases, the pedicle screws were placed as components of posterolateral intertransverse fusion that supplemented the interbody fusion at an adjacent level. In the fourth patient additional pedicle screws were placed to aid in reduction and stabilization of a spondylolisthesis that occurred as a result of an adjacent-level transitional syndrome. Two patients with Grade III spondylolisthesis were treated with interbody fusion because instability was demonstrated on preoperative flexion-extension radiographs and because severe back pain accompanied radiculopathic symptoms. In all six of the patients who underwent a twolevel procedure, pedicle screws were placed only between the fused segments.
Statistical Analysis
Statistical analysis was performed using contingency tables and the chi-square test or the Fisher exact test as necessary.
Results
Follow-up clinical and radiographic results over time are depicted in Table 5 .
Fusion Results
Of 44 surgically treated levels, 34 (77%) were classified as radiographic fusions. In 28 (80%) of 35 patients criteria for fusion (Table 3) were met at 12-month follow up. In no case was there a classification of successful fusion unless all surgically treated levels met the criteria. There were two cases of pseudarthrosis; in one case there were no radiographic signs of pseudarthrosis and fusion status had been considered Category C. This patient experienced no clinical improvement after surgery and underwent repeated surgery 13 months following his bilateral TLIF. Intraoperative pseudarthrosis at the TLIF level was detected, and anterior interbody fusion was performed. In the other case we observed radiographic signs of pseudarthrosis at the interbody fusion site, but supplemental posterolateral arthrodesis had been performed, and subsequently appeared fused. The patient remained clinically asymptomatic, with a fair clinical outcome. Different pedicle screw systems were used in the two patients.
Overall, results in seven patients did not meet the criteria for radiographic fusion (Category A or B). In this group of patients poor or fair clinical outcome was demonstrated in four cases (57%). This was significantly related to the fusion status (p Ͻ 0.05). Ͼ1 of the following: construct collapse; complete resorption of the bone graft; motion at the fused segment on the lat flexion-extension radiographs; increase in extent of spondylolisthesis Disc space height was increased in all patients from a preoperative mean of 7.9 mm to a mean of 10.4 mm postoperatively. The gain in height decreased only slightly (mean 1 mm) during the 12-month follow-up period (Table 5). This finding confirms that the significant loss of height reported in cases involving interbody fusions does not occur when carbon fiber cages are used in the uni-or bilateral TLIF technique. 3, 8, 16 Fifteen patients suffered some degree of spondylolisthesis prior to surgery. In some of these patients there was another primary diagnosis, such as transitional syndrome or failed fusion, and the spondyloslithesis may have been a component of this. In eight of these patients translational movement between flexion and extension was revealed on lateral radiography. Postoperatively, radiography demonstrated no change in eight patients (53%) and a decrease in the extent of spondylolisthesis in seven (47%). In none of the patients was movement observed at the level of the arthrodesis.
Clinical Outcomes
At the 12-month follow-up interval, Prolo Scale scorebased outcome was excellent in 22 patients (54%), good in eight (19%), fair in 10 (24%), and poor in one (2%) ( Table 2) . Of the 10 patients with a fair outcome, three cases improved sufficiently to be classified a clinical success. This resulted in clinical success in 33 (81%) of 41 patients.
At the 12-month follow-up interval, 90% of patients indicated that they would undergo the procedure again. All patients who indicated they would not undergo the procedure again experienced a fair or poor outcome, and the clinical criteria for success in their cases had not been met. Interestingly, of the eight patients in whom outcome was classified as a clinical failure, four indicated that they would undergo the procedure again.
Procedural Complications
Two patients experienced complications related to the implanted hardware or devices. On routine follow-up examination, a pedicle screw was shown to have backed out in one patient. In this same patient there were radiographic signs (collapse of the construct) at the interbody fusion site but fusion had occurred posterolaterally, and clinical outcome had been fair. On routine radiography a broken pedicle screw was observed in the second patient, who remained asymptomatic, had an excellent clinical outcome, and in whom probable fusion was classified as Category B (Table 3) .
There were CSF leaks in eight patients (19%). Seven of these were incidental durotomies that occurred intraoperatively and were repaired primarily. These patients all underwent supine bed rest for 72 hours after surgery and were then mobilized according to our routine. There were no recurrences or postoperative CSF leaks in any of these seven patients. In one patient a CSF leak developed on postoperative Day 9 and repeated surgery for repair was required. Six of the eight patients in whom CSF leaks occurred had undergone previous surgery. There were no major infections that required surgery. Four of the patients suffered superficial wound infections that resolved after oral antibiotic therapy. The drain implanted in one patient fractured during removal and required repeated surgery for extraction. There were no cases of myocardial infarction or deep vein thrombosis. There were no intraoperative vascular injuries and no deaths.
Discussion

Operative Technique and Complications
Our findings support and confirm many of the reported potential advantages of both the bilateral TLIF and carbon fiber cages. 5, 15, 18 The radiolucent nature of the Brantigan carbon fiber cage allows more accurate interpretation of radiographic fusion. 9 The open, rigid framework of the cage design allows bone growth through the cage and restoration in DSH (Fig. 1) . Although we observed a small degree of subsidence during the 1-year follow-up period, the DSHs were maintained at greater than preoperative levels. No case of graft migration was seen, likely a result of the cage's ridged surface and the supplemental pedicle screw fixation. In three of the patients undergoing onelevel fusion, we chose to place a single cage because of the excessive scarring and other features. In one of these patients radiography demonstrated fusion at 1 year. In the second patient pseudarthrosis occurred, and in the third fusion status was categorized as uncertain at 12 months.
In previous reports, high rates of complications have been associated with this fusion procedure; 5, 10, 13 however, in our experience the complication rate was more modest. Although the general application of these results is limited by the size of the series and the fact that a single surgeon performed all surgeries at one hospital, a reasonable morbidity rate is nonetheless apparent. The incidence of intraoperative durotomies is consistent with that observed in a population of patients of whom a significant percentage (52%) had previously undergone surgery.
In most cases, a bilateral TLIF was performed. This approach allowed for less thecal sac retraction for entering the disc space, and it can be easily combined with more extensive decompression, such as medial facetectomy, if necessary. As it is our practice to supplement the bilateral TLIF with placement of pedicle screws in all patients, preservation of the facet joints is not a concern. Whether to use one or two cages remains unresolved, and this indecision may lend itself to future investigations. Thus, in placing a single cage, a more extensive bone graft may be placed as well as other advantages that have been suggested. 19 
Fusion Outcomes
Criteria-based radiographic determination of fusion status remains an imperfect modality; operative exploration remains the gold standard. 5, 6, 17 This is well illustrated by the one case in this series in which exploration of the fused level confirmed the presence of pseudarthrosis but in which there was no radiographic evidence overtly supporting this preoperatively. Recognizing these limitations, it was our goal to report fusion rates by using a standardized grading scheme that would allow for meaningful comparison with results in other series. These fusion rates should be interpreted in light of the fact that an attempt was made to apply strict and specific radiographic criteria. There were a significant number (six [16%] of 38) of patients in whom fusion criteria for probable or definite arthrodesis (Category A or B) were not met, and their status was therefore classified as uncertain (Category C); however, criteria for pseudarthrosis were also not observed in these patients. It is possible that these criteria might be met eventually or even that a different examiner might have classified these patients' fusion status as definite or probable, depending on the criteria used.
Clinical Outcomes
It is tempting to believe that because of the anatomical advantages offered by the bilateral TLIF (fusion of a weight-bearing segment, restoration of DSH, and sagittal realignment), the rate of clinical success should parallel the fusion outcome; fusion status and clinical outcome were significantly related in our series. Other authors, however, have not demonstrated such a relationship. can vary widely depending on selection criteria. 1, 2, 5, 7, 11, 12 Again, we used a previously reported outcome scale to facilitate worthwhile comparison with other series.
Overall, we believe that the clinical outcomes are quite reasonable, given the challenging patient population. Disease spectra varied widely, but all of the patients were significantly disabled by their symptoms. It is worth noting that 50% of the patients in whom criteria for clinical success were not met would undergo the procedure again. Overall, 90% of the patients reported that they would undergo the procedure again, and this represents a higher percentage than those we classified as representing clinical success.
Conclusions
There are widely varying approaches to lumbar arthrodesis. Bilateral TLIF offers a technique with anatomical advantages that can be performed to address a number of different pathological conditions. Performance of this technique that uses carbon fiber cages and pedicle screw fixation offers structural and biological advantages. In this prospective series, we have demonstrated that it can be performed with a reasonable degree of morbidity, acceptable rates of fusion and clinical success, and that the clinical and fusion outcomes are related.
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